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T H E  P H Y S IC A L  A N D  A N T I K NOCK  
P R O P E R T IE S  OF G A SO LIN E  
ALCOHOL B L E N D S
1. Foreword—I t  is a well known fact th a t alcohol possesses 
excellent anti-knock properties. I t  can be burned in an internal 
combustion engine a t a much higher compression ratio  th an  can 
gasoline, without producing detonation.
The phenomenon known as knock, or detonation, is caused by 
an abnormally rapid pressure rise or explosion within the engine 
cylinder. This violent combustion delivers a hammer-like blow to 
the piston head and combustion chamber walls. Aside from the 
disagreeable metallic “ p in g ”  produced when a fuel is knocking, 
a serious loss in engine power results. I t  is now definitely known 
th a t the chemical composition of a fuel is one of the most im­
portan t factors which determines w hether detonation will result. 
The other factors have to do with engine design. These are com­
bustion chamber shape, spark plug location, m ixture tem perature, 
etc.
The anti-knock characteristics of a gasoline can be improved 
by either one of two methods. F irst, another fuel of higher quality 
can be added. This addition may be another gasoline or some 
compound such as alcohol, toluene, or benzol. Second, a knock 
suppressor1 may be added. The most common knock suppressor 
is lead te traethy l although diethyl telluride and diethyl selenide 
produce the same effect to a lesser degree. Knock suppressors 
control the ra te  of combustion of the fuel.
W hen alcohol is added to gasoline, the resulting blend has an ti­
knock characteristics superior to the original gasoline and as a 
result may be burned in an engine a t a higher compression ratio 
w ith consequent increase in power and efficiency. However, the 
addition of alcohol changes other characteristics of the fuel which 
may or may not offset this gain. Although the prim ary object of 
this study was to investigate the anti-knock properties of the
l  Alcohol, toluene, and benzol are sometimes considered as knock suppressors. How­
ever, the term as used here refers to materials added in extremely small proportions.
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blends, the effect on physical properties was deemed of sufficient 
importance to justify  some consideration.
2. Scope of the Investigation—This investigation was con­
ducted in two p arts  w ith objectives as follows:
P a r t  I. Two basic gasolines, A and B, were blended with 
various percentages of anhydrous ethyl alcohol and their 
properties studied with respect to,
(a) Critical tem peratures
(b) Distillation curves
(c) Octane numbers
P a rt  II. The basic gasoline B was blended w ith various per­
centages of commercial (95%) ethyl alcohol employing alpha 
terpineol (C10H 18OH) as a homogenizing agent. These bl'6hds 
were then studied with respect to,
(a) Critical teiiiperatures
(b) Distillation curves
(c) Octane numbers
A cost analysis was made of the blends used in P arts  I  and II.
3. Acknowledgments—This investigation has been made pos­
sible by the support of the College of Engineering, of which, C. 
C. Williams is Dean. Acknowledgment is made to Professor Huber: 
0 . Croft, Head of the Mechanical Engineering Department, for 
suggestions pertaining to the in terpretation  and; presentation of 
results. ,,j
Mr. T. S. Kiesling, Senior Mechanical Engineering student, 
assisted w ith the test w ork and calculations reported in P a rt  II.
The Hercules Powder Company of Wilmington, Delaware, 
donated the Alpha Terpineol.
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PART I
G A SO LIN E B L E N D E D  W IT H  A N H Y D R O U S  
E T H Y L  ALCOHOL
4. The Gasoline and Alcohol Used—Of the many commercial 
gasolines available as basic fuels for this series of tests, one 
“ reg u la r”  gasoline and one' “ th ird  g rad e”  were chosen. Both 
were w inter gasolines and will be designated as “ A ”  and “ B ”  
respectively. The properties of these gasolines were as follows:,
Gasoline A Gasoline B
Specific gravity a t 60°F .707 .745
Specific Gravity A P I a t 60°F 68.6 58.5
Octane Number i  61.5 55.5
Commercial alcohol, due to its w ater2 content will not mix with 
gasoline in small proportions unless a homogenizing agent is used. 
F o r this first series of tests it  was desired to study blends con­
taining only gasoline and alcohol, hence it was necessary to 
dehydrate the alcohol before mixing could be accomplished. The 
anhydrous ethyl alcohol (C2H 5OH) was prepared from the com­
mercial, or 95% grade, by shaking it well w ith lime (CaO) and 
allowing it to settle for 48 hours in a sealed carboy. The super- 
natent, slightly cloudy, liquid was then syphoned off and distilled 
a t 173.1°F, the boiling point of pure alcohol. D uring the dis­
tillation process the tube from the condenser passed through a 
stopper in the receiver. A vent through a calcium chloride tra in  
was provided to prevent absorption of atmospheric moisture by 
the alcohol. The resulting product had a specific grav ity  of 0.79 
a t 68°F.
5. The Critical Temperatures—The test blends of both gaso­
lines were mixed and placed in 1000 cc, glass stoppered, bottles. 
The blends contained 5%, 10%, 15%, and 20% by volume of 
anhydrous ethyl alcohol.
An ice bath  was prepared and small samples of each blend were
1 Method of determination is described later.
2 Usually about 5 % .
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Pe r  c e n t  Anhy drou s  A l co ho l
Fig. 1. Effect of increasing anhydrous ethyl alcohol percentage on the 
critical temperature.
cooled in sealed test tubes, each having a therm om eter extending 
through the cork into the mixture. When cloudiness appeared, 
d u o  to the precipitation of small droplets of alcohol, the th e r ­
mometer was read. That tem perature at which cloudiness ap­
peared during cooling, or disappeared during heating, was de­
fined as the “ critical tem peratu re .”  The results are shown plot­
ted  in Fig. I  w ith percent by volume of anhydrous ethyl alcohol 
as the abscissa and critical tem perature as the ordinate. Addi­
tional blends of 30%, 40%, and 50% were made up and tested to 
note the trend  of the critical tem perature curves. There is a con­
tinuous drop in critical tem perature as the percentage of alcohol 
is increased. I t  was observed th a t on cooling below the critical 
tem perature larger and larger droplets formed in the cloudy mix­
tu re  and settled to the bottom. The curves indicate th a t all 
blends of gasoline A could be used in colder weather than  those 
of gasoline B without risk  of settling. The data  on the 2y2%
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blend is of questionable accuracy because of the fine degree of 
cloudiness formed.
The addition of anhydrous ethyl alcohol lowered the critical 
tem perature of Gasoline A from 82°F a t 5% to 42°F at 20%. 
Gasoline B was lowered from 85°F a t 5% to only 68°F at 20%.
6. A.S.T.M. Distillation—The basic gasolines A and B were 
next distilled in the A.S.T.M. distillation apparatus shown in Fig.
2. The process consisted of distilling a t a speciiicd uniform ra te 
100 cc of the sample in a special 125 cc flask. The vapors passing
I
off came in contact w ith a therm om eter before entering a con­
denser tube. The tem perature a t which the first drop came over 
was noted and also the tem perature a t which the last drop of 
each succeeding 10 cc came over. The data are shown in Tables I 
and I I  in the columns A—0 and B—0 respectively. The distillation 
curve was then plotted with percent distilled as abscissa and tem­
perature as ordinate.
In choosing the basic fuels for these tests it  was desired to have 
one of them correspond somewhat w ith U.S. Motor Fuel distilla­
tions as specified by the Government, and the other to be con-
http://ir.uiowa.edu/uisie/4
Per  cent  Dist i l led
Fig.. 3. Comparison of the basic gasolines with the government specifications 
for U. S. motor fuel and domestic aviation gasoline.
siderably more volatile. Fig. 3 shows the distillation curves of 
Gasolines A and B together with the government specifications of 
distillation curves of U.S. Motor Fuel and Domestic Aviation 
Gasoline for comparison.
I t  is generally agreed th a t the tem perature near the 10% point 
on the distillation curve controls the s tarting  characteristics of a 
motor fuel; the 35% point controls the acceleration; the 60% 
point controls the performance characteristics; and the 90% 
point controls the power.1 Fig. 4 is a chart on which the distilla-
l  Brown, G. G., N atural Gasoline Assoc. American Proc. 10th ann. Convention, May 
1931, p 75 (chart). See also: M. G. Blair and R. C. Alden, “Significance of A.S.T.M. 
Distillation Curve” Ind. and Eng-. Chem., May 1933, p 559.
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P e r  c e n t  D i s t i l l e d
Fig. 4. Chart fo r interpretation of distillation curves.
tion curve of any gasoline may be plotted and the four above 
mentioned characteristics readily determined. The distillation 
curves of Gasolines A 'an d  R are shown on Fig. 4 and their char­
acteristics may be read off as follows :
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Gasolines 
A  B
1. Min. Temp, a t  which starting  will be easy....................20°F 25 °F
2. Min. Temp, a t which acceleration will be satisfactory 
with choke, or possible without choke, while motor
is c o ld ......................................................... ..............................12°F 62 °F
-3. Min. Temp, a t which cruising performance will be
satisfactory .............................................................................-9 ° F  54 °F
4. Temp, above which loss of power may result due to
vaporizing of fuel in the fuel system...........................-8 0 °F  75°F
P e r c e n t  D is t i l l ed
Fig. 5. Effect of anhydrous ethyl alcohol on the distillation curve of
gasoline A.
The fourth  characteristic above is provided with two scales on 
Fig. 4. The lower one is as indicated in the above table, and the 
upper scale indicates the tem perature below which there will be 
crank-case dilution during the warm-up period.
I t  is apparent from this analysis th a t  gasoline A is a peculiar 
fuel in th a t  it has an abundance of light fractions which would 
cause it to vapor lock at ordinary tem peratures even during the 
winter. The fuel was tried  in a standard  automobile engine in 
the laboratory but showed only minor tendencies tow ards vapor 
lock by giving an occassional cough. There was no great drop in 
power due to its high volatility. This was ascertained by com-
http://ir.uiowa.edu/uisie/4
Per  c e n t  Di s t i  11 ed
Fig. 6. Effect of anhydrous ethyl alcohol on the distillation curve of
gasoline B.
paring  the power curve with those obtained when burning other 
fuels.
The various blends of the two basic fuels were then distilled 
in tu rn  in the A.S.T.M. distillation apparatus and the data ob­
tained are shown in Tables I  and II.
The effect of anhydrous ethyl alcohol on the distillation curves 
of gasoline A is shown in  Pig. 5 and for Gasoline B in Fig. 6. 
The alcohol pu t a “ s tep”  in the curves by lowering the tempera­
ture a t which the first fractions came over. A fter all the alcohol 
has distilled off, the curve rises and follows the curve of the 
original fuel but slightly below it.
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A n increase in the alcohol percentage in the blend shifts the 
“ step ’ ’ to the right, the m agnitude of the shift depending on the 
volatility of the original fuel. This can be readily seen by com­
paring Figs. 5 and 6. Fig. 5 of the more volatile gasoline A has 
the end of the “ s tep ”  for 20% blend a t about 73 on the abscissa 
while for gasoline B, the end is at 48. The comparative shift is 
not as m arked for the 5% and 10% blends.
Alcohol has a higher ignition tem perature than  gasoline and 
requires more heat for vaporization. Consequently, when alcohol 
is added to gasoline, the resulting blend renders cold starting  
more difficult. Once the motor is warm ed up, the lowered dis­
tillation curve of the blends indicates better acceleration accord­
ing to Fig. 4.
Table I I I  shows the characteristics of each blend as determined 
by means of the scales on Fig. 4. The starting  characteristics
T A B L E  NO. I  
A.S.T.M. D i s t i l l a t i o n  T e s t s  o r  
B le n d 'S  o f  A n h y d r o u s  E t h y l  A l c o h o l  i n  G a s o l i n e  A  
K e y :  “ A ”  r e f e r s  to  t h e  g a s o l in e .  0, 5 , 10 , e tc .,  r e f e r s  to  t h e  p e r c e n t a g e  b y  
v o lu m e  o f  a lc o h o l  i n  t h e  s a m p le .
Sample A—0 A—5 A—10 A—-15 A—20
F irst
Drop 112 °\F 119 121 120 125
5cc 146 133 133 133 134
10 154 136 136 135 137
20 163 143 141 141 ; 141
30 172 162 146 145 145
40 178 177 152 149 140
50 185 185 178 153 151
60 193 193 191 168 155
70 201 201 199 197 162
SO 210 211 210 207 207
90 227 228 225 223 222
95 254 255 246 246 241
End
Point 257 261 258 257 258
Bottom
W et no no no no no
Recovery 96.7 96 97 97 97
Total 98 97.5 98.3 98.2 98.3
Loss 2 2.5 1.7 1.8 1.7
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T A B L E  NO. I I  
A .S .T .M .  D i s t i l l a t i o n  T e s t s  o f  
B l e n d s  o p  A n h y d r o u s  E t h y l  A l c o h o l  i n  G a s o l in e  B  
Key: “ B ”  refers to the gasoline. 0, 5, 10; etc., refer to percentage by 
volume of alcohol in the sample.
Sample B— 0 B—5 B—10 B—15 B—20
F irst
Drop 100°F 120 122
137
121 120
5 cc 142 135 139 143
10 158 144 145 146 150
20 194 168 155 156 157
30 220 215 174 161 161
40 241 239 229 190 165
50 265 259 254 248 236
60 285 281 283 272 268
70 303 308 299 298 293
80 335 337 332 329 325
90 373 374 372 366 363
95 417 415 410 417 406
E nd
Point 430 421 422 421 424
Bottom
W et yes yes yes yes yes
Recovery 96.6 96.2 96.5 96.5 97
Total 98.5 98.5 98.5 98.5 98.5
Loss 1.5 1.5 1.5 1.5 1.5
have been omitted because it was felt th a t the “ S tarting  Scale” 
is not correct for gasoline containing alcohol. The other three 
characteristics may not be quantitatively, strictly  accurate for 
alcohol blends, but they at least indicate general trends.
In  general, the addition of alcohol makes cold starting  more 
difficult but gives better acceleration while the motor is still cold. 
The engine can also be operated satisfactorily during colder 
weather. However, the tendency tow ards vapor lock is somewhat 
increased.
7. Octane Number—The next step in the study was to deter­
mine w hat increase in octane number of the basic fuels resulted 
from the addition of the alcohol. The apparatus for ra ting  the 
fuels %as the s tandard  A.S.T.M.-C.F.R, Fuel Research Engine 
(Motor Method). The general setup of the equipment is shown 
in Fig. 7 and a diagram  of its essential elements is shown in 
Fig. 8.
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Fig. 7. Fuel research engine in  the Mechanical Engineering Laboratory.
I t  consisted of a single cylinder, overhead-valve, Otto cycle,_ 
gasoline engine belted to an induction motor which absorbed the 
power and kept the engine speed constant at 900 RPM. A bounc­
ing pin indicator was used for measuring the knock intensity. 
This was screwed into the cylinder head. The pin, resting on a 
steel diaphragm  was kicked up against the contacts w ith a vio­
lence which was proportional to the degree of detonation, or 
knock, in the engine. The contact points were in a circuit w ith a 
small generator and a special instrum ent known as the Knock- 
meter. W hen the points were closed by an impulse from the pin, 
current flowed in the circuit raising the tem perature of a heater 
and in tu rn  the thermocouple which caused a hand to move over 
a scale.
Octane num ber is defined as the percentage of octane in  an 
octane-heptane m ixture which will produce the same knock in ­
tensity  as the fuel being tested. The determ ination of octane 
number is thus a comparison process in which the knock produced 
by a sample of fuel is matched by an octane-heptane mixture. 
The percentage of octane in the m ixture is in tu rn  the Octane
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no von- D.c.
G e n era to r
T  her mo - 
couple
N ut to  raise or 
to ive-r the threaded  
cylinder
Steel d laphragm
Fig. 8. Principle elements o f the fuel rating  apparatus.
Number of the gasoline. In  these tests the s tandard  reference 
fuels C7 and A3 were used instead of pure octane and heptane.
The results of the tests on blends of both gasolines are shown 
plotted in Fig. 9. The percent by volume of alcohol is the 
abscissa and octane number the ordinate.
The addition of 20% of alcohol increased the octane num ber of
http://ir.uiowa.edu/uisie/4
Fig. 9. Increase in octane number of gasolines A and B due to the addition 
of anhydrous ethyl alcohol.
Gasoline A from 61.5 to about 77, an increase of 15.5 octane num ­
bers. Gasoline B showed a similar increase going from 55.5 for 
straight gasoline to 70.5 for 20% alcohol. Both the increases were 
approximately linear in this range and of about the same magni­
tude. The carburetor of the test engine as set up would permit 
the burning of blends only up to and including 20% alcohol.
I t  is apparent from these curves th a t  the addition of alcohol to 
a th ird  ra te  gasoline improves its anti-knock quality in  propor­
tion to the volume of added alcohol. In  this case the 20% blend
http://ir.uiowa.edu/uisie/4
of gasoline B was on an anti-knock par w ith the first ra te  gaso­
lines.
8. Conclusions—The results obtained in P a rt  I point to the 
following conclusions:
1. The temperature a t whieli anhydrous alcohol will form a clear mixture with 
gasoline depends upon:
a. the type of basic gasoline
b. the percentage of alcohol present
2. The addition of anhydrous alcohol puts a “ s tep ”  in the distillation curve. 
Cold starting  of the motor is more difficult but acceleration is improved.
3. Blends containing anhydrous alcohol have higher octane numbers than the 
basic gasoline. The increase is approximately linear in the range from 0 
to about 20% alcohol.
4. Blends containing anhydrous alcohol in small percentages must have a 
homogenizing agent added to prevent settling in cold weather. The amount 
of the agent required depends upon the composition of the basic gasoline 
and the critical temperature desired.
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PART II
A  S T U D Y  OF B L E N D S  C O N T A IN IN G  
COMMERCIAL E T H Y L  ALCOHOL
9. Introduction—Since the w ater content of commercial alco­
hol prevents its mixing with gasoline, the production of blended 
fuel necessitates one of two procedures. E ither the alcohol must 
be dehydrated before mixing, or a homogenizing agent must be 
employed to cause the 95% commercial alcohol to mix. Both 
methods increase the cost. Anhydrous alcohol will always cost 
several cents more per gallon than  the 95% variety. Blending 
agents are expensive and must be used in relatively large quanti­
ties, especially when the alcohol content is small.
This second part of the study deals with blends of gasoline 
and commercial alcohol employing Alpha Terpineol (C10H ,8OH) 
as a homogenizing agent.
10. The Materials Used—The basic gasoline B from P art  I  was 
used in this series. The alcohol was the commercial ethyl alcohol 
(C2H 5OH) having a specific gravity  of .80 a t 68°F.
The blending agent, alpha terpineol,1 had the following proper­
ties :
11. The Critical Temperature—At the outset, a prelim inary 
study of the effectiveness of alpha terpineol as a homogenizing 
agent was made. A 200 cc sample of each of a 3%, 5%, 10%, 
15%, and 20% commercial ethyl alcohol by volume in Gasoline B 
was made up. In  each case the alcohol immediately settled to the 
bottom. Then alpha terpineol was added one cc at a time to each 
sample and s tirred  until all signs of cloudiness disappeared and 
the mixture was homogenized a t 78°F. The tem perature was read 
on a therm om eter inserted through the stopper on the 250 cc
1 Normal Butyl alcohol [ CHS< CII^).X'HL>OH j is often used as a blending agent.
Specific gravity 
Melting point .
Boiling point 
H eat content .16,802 B tu per lb.
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Critical Temperature -  Decrees Fahr.
Fig. 10. Effect of alpha terpineol on the critical tem peratures of blends of 
gasoline B containing commercial ethyl alcohol.
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graduate containing each mixture. As before, the critical tem­
perature is defined as th a t  tem perature at which cloudiness ap­
pears on cooling.
Then 2 cc more of alpha terpineol was added and the vessels 
containing the samples immersed in an ice bath and cooled un til 
cloudiness reappeared. This new critical tem perature was read 
and recorded. A fter heating to room tem perature again, more 
alpha terpineol was added in p roportion . to the initial drop in 
critical tem perature. The m ixture was again cooled until the 
cloudiness reappeared. This process was continued until the
http://ir.uiowa.edu/uisie/4
TABLE IV
% comm, 
alcohol in 
100 ce 
sample
ce A.T. for 
100 cc mixture 
78° crit. temp.
cc A.T. for 
100 cc mixture 
32° crit. temp.
ce A.T. per ee 
alcohol for 
32° crit. temp.
g 4.0 6.0 2.00
5 Ü.0 8.5 1.70
10 6.5 9.5 0.95
15 5.5 8.5 0.57
20 5.0 8.0 0.40
critical tem perature of all the blends was reduced to 32°. This 
tem perature was arb itrarily  chosen as a basis for test procedure.* 
The results are shown plotted in Pig. 10 with critical tempera­
tu re  as abscissa and cc of alpha terpineol per 100 cc of original 
m ixture as ordinate.
These curves show th a t a 100 cc sample originally containing 
3% commercial alcohol required the addition of 4 cc of alpha
TABLE NO. Y
A.S.T.M. D i s t i l l a t i o n  o f  B l e n d s  o p  G a s o l in e  B  C o n t a in in g  
Co m m e r c ia l  E t h y l  A l c o h o l  a n d  A l p h a  T e r p in e o l .
Sample
o1m A—3—AT B—5—AT B—10—AT B—15—AT B—20—AT
F irst
Drop 100°F 114 107 105 109 112
5 142 128 130 131 137 139
10 158 142 140 143 143 147
20 194 185 165 154 155 157
30 220 220 215 172 161 161
40 241 245 244
—
183 167
50 265 268 271 266 259 242
60 285 289 298 293 289 282
70 303 325 321 327 315 316
80 335 354 362 359 353 352
90 373 396 400. 404 399 397
95 417 421 424 428 430 425
End
Point 430 432 434 430 434 430
Bottom
Wet Yes Yes Yes Yes Yes Yes
Re­
covery 96.6 95.5 95.5 96 96 96.2
Total 98.5 97 97.5 97.6 98 98
Loss 1.5 3 2.5 2.4 2 2
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P e r  c e n t  D i s t i l l e d
Tig. 11. Effect of commercial ethyl alcohol and alpha terpineol on the dis­
tilla tion  curve of gasoline B.
terpineol to dispel the cloudiness a t 78°F. About 6 ce were re ­
quired at 32°F. The trend  was true for all blends.
Table IV, p. 25, summarizes the significant features of this pre­
lim inary study.
This table shows th a t less alpha terpineol was required per cc 
of alcohol as the percentage of alcohol in the original mixture 
was increased. This was expected from another cheek made as 
follows. Commercial alcohol was slowly added to Gasoline B in 
a beaker, and continually stirred. No homogenizing agent was 
used. The cloudiness formed when the first few cc of alcohol were
http://ir.uiowa.edu/uisie/4
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added disappeared when the alcohol percentage reached about 55. 
Hence a t this concentration no blending agent is required.
12. A.S.T.M. Distillation—100 cc samples of the 5%, 10%, 
15% and 20% blends were made up containing the proper amount 
of alpha terpineol to lower the critical tem perature to 32°. Each 
in tu rn  was distilled in the A.S.T.M. distillation apparatus. The 
data are shown in Table V and in Fig. 11. The percentages
5, 10, 15, and 20 are each actually less than  in the original mix­
tures afte r the addition of alpha terpineol but the original per­
centages are still used on the graph for clearness.
Again the “ s tep ”  in the curves appeared and in practically the 
same location as when anhydrous alcohol was used. There is one 
m arked difference, however, tha t is the raising of the distillation 
curve from the 50% point on up. The reason for this is tha t the 
alpha terpineol has a boiling point around 400’F.
These curves were next analyzed using the scales on Fig. 4. 
Table VI shows the various characteristics and the change result­
ing from the addition of alcohol and the blending agent. In  
general it can be said th a t these additions make starting  more 
difficult but better acceleration is possible while the engine is 
cold. Due to the raising of the last p a r t  of the curve the engine 
will not perform as satisfactorily a t as low a tem perature as the 
original fuel, and the tendency towards erank case dilution is in­
creased.
13. Octane Number—The blends were next ra ted  for anti­
knock quality in the A.S.T.M.-C.F.R. Fuel Research Engine. These 
results are shown plotted in Fig. 12. The curve showing the in­
crease in octane number of Gasoline B with increased anhydrous 
alcohol content is reproduced here for comparison purposes.
Curve “ X ” is plotted using the alcohol content of the blend 
before the addition of alpha terpineol as the abscissa. In  curve 
“ Y ” these percentages have been corrected for the blending 
agent added which, of course, shifts the curve X  to the left. The 
change in alcohol percentages due to the addition of alpha te r ­
pineol has been calculated and is shown in Table VII. There is 
still another way of plotting this curve and th a t is to use the per­
cent of total added ingredients as abscissa. This gives curve “ Z ” . 
So much alpha terpineol is required per cc of alcohol to homo-
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Fig. 12. Comparison of octane numbers of gasoline B containing anhydrous 
ethyl alcohol, w ith gasoline B containing commercial ethyl 
alcohol plus alpha terpineol.
TABLE V II
C h a n g e  i n  O r ig i n a l  A l c o h o l  P e r c e n t a g e  D u e  to  t h e  
A d d it io n  o p  A l p h a  T e r p in e o l
Per cent
cc alpha 
terpineol 
added to 200 Total Vol. of Percent comm. Percent
comm, alcohol ce sample to sample =  gas alcohol after to tal added
in 200 cc give 32° Crit. -f- alcohol + addition of ingredients
sample temperature A. Ter. in cc. A. Ter. in sample
3 12 212 2.84 8.5
5 17 217 4.61 12.4
10 19 219 9.13 17.8
15 1 17 217 13.8 21.6
20 1 16 216 18.5 25.9
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TABLE V II I
S u m m a r y  o f  T e s t s  o n  6 -C y l in d e r  A u t o m o b il e  E n g i n e
Fuel
Speed
R.P.M.
Brake
Horse-
Power
(Cor­
rected)
Fuel Cons, 
lbs. per 
B.H.P. 
per hour
Fuel Cons, 
gal. per 
B.H.P. 
per hour
Thermal 
Efficiency 
per cent
B—0
2015
2440
2850
44.8
51.9
58.2
.572
.586
.602
.0924
.0946
.0972
21.75
21.2
20.7
B—3—AT
2025
2420
2860
45.0
52.4
59.4
.575
.580
.0914
.0921
22.2
22.0
B—5—AT
2035
2420
2850
44.8
52.2
■58.6
.582
.580
.591
.0914
.091
.0928
22.2
22.3
21.8
1995 43.8 .577 .0905 22.9
B—10—AT 2400 50.6 .586 .0918 22.5
2820 58.0 .588 .0922 22.4
1995 42.5 .594 .093 22.6
B—15—AT 2410 51.0 .588 .0922 22.9
2800 57.2 .593 .0928 22.6
2010 42.0 .605 .0944 22.6
B—20—AT 2400 50.0 .592 .0924 23.1
2800 56.6 .601 .0938 22.7
genize the 3% mixture th a t  curve “ Z ” is shifted fa r  to the right 
at th a t point. Curve Z becomes steeper a t higher percentages of 
to tal added ingredients indicating tha t alcohol is more effective 
as a knock suppressor than is the alpha terpineol.
14. Actual Tests in an automobile engine—The last step in 
this investigation was to test, in an automobile engine, each of 
the blends studied in P a rt  II. The purpose was to find the effect 
of these blends on the horsepower output and fuel economy.
The engine was a standard  six cylinder, L-head, 1932 automobile 
engine having the following specifications:
Bore: 2 15/16"; Stroke: i%"
Displacement: 192.9 cu. in.
Compression ratio : 5.8 to 1
min. octane number of fuel recommended was 65.
The outlet cooling w ater was held at 150°F throughout the test 
and the inlet temperature at 130°F; the oil temperature was al­
ways at, or slightly below, 150°F.
An electric, cradle dynamometer was used to absorb the power 
and provide control.
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Fig. 13 Effect of blends containing alpha terpineol on the brake horsepower, 
fuel consumption, and thermal efficiency of an automobile engine.
All runs were made a t full th ro ttle  at speeds of 2000, 2400, and 
2800 RPM.
The results are shown in tabular form in Table V III and plotted 
in Fig. 13.
The independent variable, RPM, is plotted as abscissa with 
brake-horsepower, specific fuel consumption, and therm al effi­
ciency as the ordinates.
Considering the horsepower curves, the values for blends B-O,
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B-3-AT and B-5-AT1 a t all three speeds were practically  alike 
and have been draw n as such. The engine knocked badly when 
operated on B-O, somewhat less when using B-3-AT, and still less 
with B-5-AT. The reduced detonation was due, of course, to the 
increasing octane number of the fuel. Blends B-10-AT, B-15-AT, 
and B-20-AT all produced smooth operation of the engine. I t  will 
be recalled th a t  B-10-AT was the first blend to reach an octane
TABLE IX
B a s is  fob  Ca l c u la t io n s  o f B .T .U . P er  P ound  and  Co st  
P er  Ga llo n  o f  B l e n d s .
Gasoline
Commercial
95%
alcohol
Anhydous
alcohol
Alpha
Terpineol
Sp. Grav. .745
oo00
.790 .943
Lb. per 
gallon 6.20 6.67 6.58 7.85
B.T.U. per 
gallon 127,000 80,800 84,000 132,100
B.t.u. per 
pound 20,420 12,150 12,790 16,802
Cost per 
gallon $0.15 $0.54 $0.59 $1.02
number of 65 as the alcohol content was increased. Fuel of this 
number, or higher, was recommended by the builder of the en­
gine. The power produced by the last three blends was some­
w hat less ; this was probably due to the lower heating value, of 
the blend resulting from the presence of the alcohol.
The fuel consumption curves in lbs. per brake horsepower per 
hour are interesting. The dashed line B-0 for pure gasoline B, 
and C-0 for another stra igh t gasoline have their minimum values 
a t a speed near 2000 RPM. However, when the blends were 
burned, the minimum values fell closer to 2400 RPM and showed 
an increase in fuel consumption with increase in alcohol content.
l  The symbolism used in designating each sample is as follows: the first letter speci­
fies the original gasoline; the following number indicates the percentage by volume of 
alcohol in the mixture before the addition of the alpha terp ineol; and “AT" indicates 
tha t alpha terpineol was present.
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TABLE X
H e a t  C o n t e n t  o f  t h e  B l e n d s  i n  B .t .u . P e e  P o u n d  a n d  
C o s t  i n  C e n t s  P e r  G a l l o n
Fuel
Wt. lb.
per
gallon
H eat Units 
B.t.u.
1 per lb.
H eat Units 
B.t.u. 
per gallon
Cost in cents 
per gallon
B—0 6.20 | 20,420 127,000 15.0
B—3—AT 6.30 | 20,000 125,990 21.0
B—5—AT 6.37 | 19,700 125,280 23.7
B—10—AT 6.39 | 19,300 123,230 26.1
B—15—AT 6.40 | 18,900 121,000 27.2
B—20—AT 6.41 | 18,600 118,800 28.6
Blends con­
taining 
anhydrous 
alcohol
Wt. lb.
per
gallon
H eat Units 
B.t.u. 
per lb. '
H eat Units 
B.t.u. 
per gallon
Cost in cents 
per gallon
B—0 6.20 20,420 127,000 15.0
B—5 6.22 20,050 124,700 17.2
B—10 6.24 19,680 122,600 19.4
B—15 | 6.26 I 19,300 120,490 | 21.6
B—20 6.28 18,800 118,300 23.8
The therm al efficiency1 curves indicate th a t the blends contain­
ing the most alcohol burn  with the highest efficiency. This may, 
a t first, seem impossible because the B-20-AT blend showed the 
highest specific fuel consumption. Nevertheless, the B-20-AT 
blend also had the lowest heating value in B tu  per lb. The in­
creased fuel consumption was not g reat enough to offset the de­
crease in heat content, and the net result was a higher therm al 
efficiency. The calorific values of all the blends are shown in the 
upper p a r t  of Table X. The calculations are based on the heat­
ing values given in Table IX.
1 The calculation of thermal efficiency of the engine is simple when the specific fuel 
consumption and heat content of the fuel are known. T hus:
Thermal eff. =  Heat equivalen t of the H .P. delivered per h r .
H eat supplied by the fuel per hr.
BHP x  33000 x  60
=  ___________________ 778____________________
lbs. of fuel burned per hr. x  Btu per lb. fuel 
33000 x  60
___________________ 778_________________
lb. of fuel/B H P/hr. x  Btu per lb. of fuel 
_  2545
lb/B H P/hr. x  (Btu per lb of fuel)
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15. Cost of Blended Fuels—As a m atter of general interest 
the prices of gasoline B containing various percentages of com­
mercial alcohol and enough alpha terpineol for a 32° critical 
tem perature are listed in the upper p a r t  of Table X. Calculations 
are based upon the costs given in Table IX.
The calorific value and cost of the blends of gasoline B with 
anhydrous alcohol are shown in the lower p a r t  of Table X. These 
calculations were likewise based on the costs given in Table IX.
Care must be taken in draw ing comparisons between the two 
parts  of Table X, because the blends in the lower part were not 
homogenized a t 32°F, but each a t a higher and different tem pera­
ture. In  order to reduce the critical tem perature of these to 32° a 
blending agent would have to be used as long as the anhydrous 
alcohol content was less than  about 53%.
16. Conclusions—The results obtained in P a r t  I I  point to the 
following conclusions:
1. I t  is possible to get a homogenious mixture of gasoline and low per­
centages of commercial alcohol by the addition of the alpha terpineol, 
(C10H,SOH). When the alcohol concentration is high, no homogenizing 
agent is required.
2. The addition of commercial alcohol and alpha terpineol results in a “  step ’ ’ 
in the distillation curve and raises the tem perature a t which the last frac ­
tions are vaporized. Cold starting  of the motor is more difficult, and 
there is greater possibility o f crank case dilution during the warm up 
period.
3. Blends containing commercial alcohol and a homogenizing agent have 
higher octane numbers than the original gasoline. The increase is not as 
great as for anhydrous alcohol in  gasoline.
4. Blended fuels are more expensive than straight gasoline. For example at 
present (1934) prices, the basic gasoline costs 15 cents per gallon. The 
20% blend homogenized a t  32°F costs 28.6 cents. A  premium fuel o f the 
same octane number as the blend costs 18 cents. The 20% blend there­
fore costs 10 cents more per gallon than a gasoline of equal octane rating.
http://ir.uiowa.edu/uisie/4
